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end of a line. It also contributed to system stability but could not control power flow.

The second generation ofFACTS devices - such as the Thyristor-Controlled Series Capacitor
(TCSC) - uses thyristors to control a capacitor bank connected in series with a line, thus
enabling a utility to increase power flow on particular lines over longer distances. Testing of the
fIrst single-phase TCSC began in 1991 by American Electric Power Co. In 1992, the Western
Area Power Administration installed a three-phase TCSC that enabled them to increase the
capacity of a transmission line from 300 MW to 400 MW. The world's largest TCSC, which has
a full range of features, has been operating at Bonneville Power Administration since 1993.

A new advanced power transmission control system technology, called a static condenser
(STATCON), was dedicated last November at Tennessee Valley Authority's (IVA) Sullivan
substation (Figure 2). This third-generation FACTS controller provides voltage support to a
transmission line by generating or absorbing reactive power through an all-electronic shunt
connection. The system can respond quickly to damp major disturbances on the power system.
This demonstration ofa +/- 100 Mvar STATCON will enable TVA to avoid building a new
161-kV transmission line into the Johnson City area. This saved TVA about $ 80 million by not
having to build a new 161-kV line costing $ 100 million.

The STATCON system (Figure 3) was developed by Westinghouse Electric Corp. with EPRI
and TVA funding. It improves power flow through the electric transmission grid at lower costs
than existing systems.

"From a consumer's standpoint, STATCON could potentially help lower the cost of electricity
and provide the high-quality power needed by sensitive equipment such as computers," said Karl
Stahlkopf, vice president ofEPRI's Power Delivery Group. "From a utility's standpoint,
STATCON provides a vital competitive advantage for confronting an era ofderegulation," he
added.

Deregulation, which would allow further open access to the electric transmission industry,
would increase the number of electricity transfers. Bulk power, wholesale and transfers already
account for 40 percent of all electricity generated and are expected to increase signifIcantly
(Figure 4). These transfers are beyond the original design capabilities ofthe existing power grid.

STATCON redirects current flow and raises flow limits on transmission networks in a fraction
of a cycle, and helps smooth out disturbances before they reach sensitive customer equipment.

"Solid-state electronic devices, like STATCON, can increase the operational reliability ofour
transmission system while decreasing capital and maintenance cost," said Bill Museler. TVA
vice president TransmissionIPower Supply Group. "This demonstration enables TVA to avoid
installing an additional transformer hank at the Sullivan substation and possibly avoid building a
new line in the future," he added.

Development of STATCON has been made possible by the availability ofa new generation of
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solid-state electronic switch called the gate-tum-offthyristor, or GTO. Use ofGTOs enables the
static condenser to regulate voltage without expensive external capacitors or reactors to avoid
power disruption.
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Tests at the Sullivan substation make this the most recent accomplishment in EPRI's Flexible
ac Transmission System (FACTS) technology. FACTS enables utilities to bener direct power
flow and increase line capacity. The prototype equipment was designed, manufactured and
tested at the Westinghouse Science and Technology Center in Pittsburgh. Pa.

"Our new technology gives faster and more precise control ofpower flow," said Aris
Melissaratos. Westinghouse vice president for science, technology and quality. "In addition, we
estimate that the STATCON will need about 60 percent less real estate and installation labor then
conventional control equipment."

The STATCON at TVA is rated at 200 Mvar with an output that is continuously variable from
minus 100 Mvar to plus 100 Mvar.

In the future, STATCON may be used to connect a stored energy source such as banery bank
or superconducting coil to a power line and thus supply real power to protect critical loads during
outages.

As construction of new transmission lines becomes more difficult, utilities are looking for
bener ways to control and optimize their existing power systems," Stahlkopf said.

AEP's control device

The American Electric Power Co. has approved plans to build the world's first demonstration
ofa major new type ofelectronic-transmission-system control device called the Unified Power
Flow Controller (UPFC).

The UPFC technology was developed jointly by Westinghouse Electric Corp. and EPRI. AEP
will build and operate the UPFC, integrating the new technology into its transmission system,
one of the largest and most reliable extra-high voltage transmission networks in the world.

The first section of the UPFC - a 160-Mvar shunt device for voltage support (essentially a
STATCON, when operating alone) will be installed by the end of 1996 at AEP's Inez Substation
in eastern Kentucky, where it will help increase power transfer into a coal-mining area that has
experienced steady electricity load growth. The UPFC will also provide voltage support to
improve transmission system reliability in the heavily industrialize Tri-State are further north,
where the border of Ohio, Kentucky and West Virginia meet.

Because of recent federal and state actions to deregulate transmission services, many utilities
are looking for bener ways to bolster reliability and control the flow ofpower on their
transmission system in anticipation of increasing power flows. The UPFC has the unique
capability of simultaneously controlling all the major electrical characteristics that determine
power flow over transmission lines.

"Traditionally, utilities controlled power flow by changing the way the dispatched generators,"
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explains Mark Wilhelm, director ofEPRI's Substations, System Operations & Storage Business
Unit. "With deregulation, that option is going to become considerably more difficult. A much
more direct method is needed to control the flow ofpower on specific lines and thus better utilize
transmission assets in response to rising demand. UPFC supplies that capability. It
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"We are exploring the feasibility ofdeploying several UPFCs in a centrally controlled fashion
across our seven-state transmission system," says Bruce Renz, AEP Vice President of
Transmission and Distribution Services. "These revolutionary devices will enable us to increase
power transfer to take advantage of new competitive opportunities while improving the quality of
service to our customers by making the existing network even more reliable. n

The UPFC represents about $ 24 million ofa total $ 90 million transmission upgrading
program~p has launched in the eastern Kentucky areas. EPRI is contributing about $ 2
million for the demonstration of this technology, with further co-funding from Westinghouse. A
new kind ofthyristor switch designed for use in the UPFC is expected to fmd other utility
applications as well.

The UPFC technology was also developed through EPRI's decade-long FACTS program.
Stahlkopfsaid, "In an increasingly competitive era for the electric power industry, utilities need
more sophisticated technologies to cut costs and maximize use ofthe transmission assets. "The
UPFC offers an unprecedented opportunity to control power flow directly, preventing overloads
and increasing overall system throughput."

A second section, a 100-Mvar series device to add power-flow control capability will be
connected to a new 138-kV transmission line when both are completed in 1997. By combining
these function, the Inez UPFC will help increase power transfer into a coal mining area that has
experienced steady load growth.

Another inverter-based FACTS system that is a candidate for development and demonstration
include the Static Synchronous Series Compensator (SSSC) developed by Westinghouse. It is a
solid-state voltage source inverter connected in series with the transmission line via a series
insertion transformer. The SSSC is an extremely powerful tool for power flow control because it
is able to modify the effective transmission line reactance independently of the line current flow.
Also, the SSSC has the capability to reverse power flow.

The same inverters as those used on this and the other systems can be applied as the Energy
Storage Interface allowing stored energy from technologies such as Superconducting Magnetic
Energy Storage (SMES), batteries, or fuel cells to be instantaneously injected into or absorbed
from the system. A voltage-sourced inverter, or dc-to-ac converter, utilizes the constant dc bus
voltage to produce sinusoidal three-phase voltages suitable for interfacing with the utility
transmission system.

Closed-loop control coordinates the operation ofdc-to-dc converter and the inverter to permit
the exchange of real and reactive power between the utility network, the dc bus and the energy
storage.

Damping control ofpower systems

Transmission lines generate and absorb reactive power. Since the transmitted load varies
considerably from one hour to the next, the reactive power balance ofthe line also varies. A
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rapidly operating static var compensator (SVC) can continuously control the reactive power
throughout the entire absorption and generation range. The operating range is often increased by
breaker-switched reactors or capacitors controlled from the SVC.
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Between electric power systems that are interconnected via a relatively weak line, power
oscillation problems often arise. Damping is then often the factor that detennines the
transmission capacity. SVC increases the damping actions so that more power can be
transmitted. The installation ofnew lines can therefore by avoided or postponed.

Engineers at ABB's Transmission Technology Institute are working with utilities worldwide to
improve the operation and control of today's ac and dc transmission systems. One such
challenge is the interactions between the various control systems.

Engineers must constantly re-evaluate the effectiveness of feedback control policies for
damping low-frequency electro-mechanical oscillations. The design ofpower system damping
controllers such as the power system stabilizer (PSS) and the static var compensator (SVC)
damping controls has traditionally been perfonned based on single-loop classical design
concepts.

The uncertainty in the system operation is normally accounted for by repeated testing and
redesign. The interaction between several controllers is generally neglected in the design phase
but studied during the analysis phase. This design methodology has served the industry well in
most cases, but might face difficulties in the near future.

Utilities in Europe and the North America are moving toward a market-oriented industry in
which the dispatch of the generation facilities and the flow patterns on the transmission network
might face more frequent and drastic changes than are observed under a monopolistic utility
structure.

The proliferation ofmore control systems combined with higher levels of transmission loading
will instigate higher levels of interactions between the various control systems. This will
challenge the current control design methodologies and might render them ineffective in some
cases.

In a deregulated power industry, more controllers will be pressed into service with overlapping
regions ofoperations. In such situations, according to ABB Power T&D Company Inc.
engineers, it becomes important to consider effects such as controller interaction and appropriate
tuning of controller parameters. In the absence ofautomated tools to perfonn such studies, the
engineering cycle-time for the design of controllers and evaluation ofperformance takes
anywhere from a few days to weeks.

A program at ABB's Transmission Technology Institute addresses this issue. The program
enables a user to set up power system models and perfonn a variety ofuseful analysis studies.
The program also enables the user to specify uncertainty models representing a variety of
operating conditions, as well as design robust controllers that meet guaranteed stability margins.

Some of the benefits of using modem power electronic technology include:
• stabilizing voltages in weak systems, .



• reducing transmission losses,

• increasing the transmission capacity,
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• increasing the transient stability limit,

• increasing damping ofsmall disturbances,

• improving voltage control and stability, and

• damping power swings.

Optical voltage sensor

A research team headed by ABB Power T&D Company Inc. and composed of the Empire State
Electric Energy Research Corp., Tennessee Valley Authority and New York Power Authority has
developed the Electro-Optic Voltage Transducer System (EOVn for use on 34S-kV systems.

This device won the "R&D 100" award for 1994 - a top honor in the field ofapplied research.
The EOVT is a state-of-the-art advancement in precision-voltage sensing at 69 kV through 765
kV. The system uses light to accurately measure high voltage on electric utility transmission
systems. The output is connected to either a revenue meter or to a protective relay. The optical
system replaces oil-filled voltage transformers. The new design eliminates the need for oil,
removes the possibility of violent failures and is smaller, lighter and more economical overall
than conventional technologies. The EOVT system includes sensors located in the substation
yard, an electronics module in the control house and the optical fiber that connects the sensor and
module.

The operational process begins when the EOVT system launches light from the electronics
module. The light then travels through the optical fiber to the optical sensor assembly where the
light next passes through a polarizer into the crystal or sensor. One end ofthe sensor is
connected to the high-voltage electrode and the other end to the ground electrode. The
line-to-ground voltage across the sensor causes the intensity of the light to vary in an accurate
relationship to the voltage in the primary. The light then returns to the electronic module where
the light signal is converted into an electrical signal representing the primary voltage.

GRAPHIC: Figure 1, A whole array ofnew solid-state electronic devices have been developed to
help control power flow in teday's transmission grid and substations similar to this one; Figure 2,
The three-high stacking arrangement of the solid-state electronic devices called STATCON for
static condensors was developed by Westinghouse with Electric Power Research Institute and
Tennessee Valley Authority funding. STATCON improves power flow through the transmission
grid while lowering costs; Figure 3, Wave from of48-pulse inverter, Output voltage and current
waveforms ofa 48-pulse inverter generating reactive (capacitive) power; Figure 4, Growth in
bulk power transactions, Some 40 percent of the electricity generated in the United States is now
sold on the wholesale market - a four-fold increase in a decade. With new players, such as
power brokers, etc., the growth may accelerate even more in the next decade, Source: AGAlEEI
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Electrical World

HEADLINE: CON EDISON INCREASES USE OF ENVIRONMENTALLY FRIENDLY
CABLE
BODY:

Consolidated Edison Co ofNew York Inc is well known for its extensiv~.ul ,fhigh-pressure
f4rid-tilled(HPFF)lable. According to Juan Dominguez, manager, transmission feeder
engineering,.the company now has about 650 circuit miles ofHPFF cable installed, plus another
50 miles of low-pressure, fluid-filled cable (LPFF). But fluid-filled cable always presents the
environmental hazard offluid leaks, a problem that is especially critical when the cable passes
over or under a waterway. An additional environmental drawback ofLPFF cable is that a lead
sheath is used to contain the dielectric fluid.

For these reasons, Con Edison has been increasing its useAfSDlicldierectriCClibles since sa
initial 5-mi installation in 1994. Dominquez reports that 110,000 ft of 138-kV cables will be
installed in 1996 in Brooklyn. In 1997, two 138-kV feeders leading fonn Westchester to
Manhattan will increase the usage by 250,000 ft. This spring, the Queensboro Bridge connecting
Manhattan with the borough of Queens will have new solid-dielectric cables installed under it
(Fig I).

Cross-linked polyethylene (XLPE) cables are purchased from Alcatel, Canada Wire Inc,
Toronto, Ont Canada; Nokkia Cables USA Inc, Albany, NY; Pirelli Cable Corp, Que, Canada;
and Silec, Montereau, France. Other manufacturers have been approved, but the utility has not
yet purchased cable from them. Dominguez notes that all XLPE cable for transmission voltages
is made overseas, but with environmental concerns now at a peak, US cable manufacturers will
soon enter the field.

A feeder using ~li~el.C£~~caJ:~~e consists.!>C# steel pipe containing three single-coDducto(oIf
cables with splices located at intervals ofapproximately 2000 ft. Ia,IOIDe <:ases,. then .
solid-dielectric c:ab~~~~~edinto the pipe th;aH>.rigi~!y _c.~I}~~eriJie~~.~l~ The
pipe is filled with nitrogen gas at'IS·psig to elimialte moisture ingress. Nodie1ectric: tluid.9J.::.'t"
pumping plants are JeCluired.lAlthough the cost per foot of the solid-dielectric cable is higher
than paper-insulated, fluid-filled cable, the cost _die completed·System is·co~lS-

Eliminate lead at low voltages For years, Con Edison has operated one ofthe largest network
systems in the world, using paper-insulated, lead-covered cable (PILC) at 13.8 and 27 kV.
Solid-dielectric EPR cables were later found to better survive the high temperatures encountered
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by primary network feeders and this material gradually replaced paper insulation in cables. But
these solid-dielectric cables were also enclosed in a lead sheath to provide a hermetic seal against
petroleum products, salt, and other chemicals. The lead sheaths were partly a carry over from
PILe, but Louis Rana, chiefdistribution engineer, points out that a metal shield is the only way
to provide an
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impervious shield for the cable. Plastic jackets inevitably allow some migration ofmoisture and
will eventually break down in the presence ofhydrocarbons. The lead sheaths also provide
fault-current carrying capacity and simplify transition splices to existing PILC.

But lead presents an environmental problem of its own and Con Edison has long been
searching for an alternative protective sheath. Lead can be highly toxic when ingested or inhaled.
Improper handling and disposal of lead waste are harmful to both humans and the environment.
As a result, disposal cost ofmanhole debris containing lead can be three times the cost of
non-hazardous waste.

Recently, Con Edison, in partnership with the Okonite Co, Ramsey, NJ, developed a

~Dtinuously..we1c!ll.~.~~.~ ~'?~ an~~QIlIIM.'.!'!a.n)'.benjlDt·~moisture .seal
fOr solid dielectric!eables.The new cable, known as C-L-X (Fig 2), is similar to a nonflammable,
corrugated stainless steel cable developed by Okonite and Kabelmetal Electro, Gennany, for the
industrial market and shipboard use in naval vessels. The new cable has all ~.ilty~c~L.j
properties of a leadesbeathecl cable - incb~i.og mechanical integri~~~t~-eauying

capability -- with none ofth~·en~~enUii·dr8wbacks·ofiiad (Fig-2). Three different types of
splices, manufactured by 3M, St. Paul, Minn; Raychem Corp, Newark, Del; and Elastimold,
Hackettstown, NJ, can be used with the new cable.

The first three sections ofC-L-X cable were installed in the Bronx~ (Fig 3). In January
of this year, as part ofa network reinforcement program, three additional sections of triplexed
cable were installed in the express run ofa 13-kV feeder from a substation supplying the Plaza
Network in midtown Manhattan. The cables are installed in precast concrete ducts in the midst of
steam mains and the subway system.

Future use of the new cable IS planned for installations where contact with oil or other
hydrocarbons is a possibility. According to Rana, about one-third of Con Edison's network cables
meet that criterion. Now on order are 12,000 triplexed circuit-ft of 15-kV, 750-kcmil, compact
round copper and 12,000 triplexed circuit ft of27-kV, 500-kcmil. Cost is comparable to the
EPR-insulated, lead-sheathed cable.

GRAPHIC: Table, Photograph: 1. Solid dielectric XLPE cable was recently installed under the
Queensboro Bridge spanning New York's East River, eliminating the risk of fluid spills;
Photograph: 2. Bronze-sheathed cable with TPR jacket is insulated with ethylene propylene
rubber; Photograph: 3. Lead-free cables are now being used in Con Edison's extensive network
system. Bottom cable has jacket removed
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HEADLINE: Forced-cooled cable serves urban area

BYLINE: Greg Paula, Associate Editor

BODY:
Faced with the need to ~~ti:?!»!~~~~~.~Q~~l!~~ions,Commonwealth

Edison Co sought a way to upgrade the existing cable. The utility solved the problem

economically by~J!&.•9W _booiou.:'.f~~i~i:.'~
The existing 138-kV, oil-filled, pipe-type, 6.5-mi power cable between Commonwealth

Edison's University and Taylor substations can no longer meet the utility's needs. Options
available to increase the capacity of the line included installing an additional, parallel cable and
removing the existing cable and replacing it with a higher-rated one.

However, both of these alternatives to upgrading would have required extensive capital and
labor expenditures.

Commonwealth Edison chose a third option: forced cooling. Which uses.oil to remove heat
from the.cable, thereby increasiDB tbeamoUDt oIpowC1' it can traasfc:l:. Forced-cooled cables first
were installed in the 1930s. They were relatively common when electric demand was growing
quickly. The cooling capability was employed mostly during emergencies, not for normal
operations. However, when the growth in electric demand began to slack off in the mid 1970s,
forced-cooled cables became less prominent. The Commonwealth Edison project reportedly is
the first forced-cooled cable constructed in almost 20 years. Pirelli Jerome Inc, Beaufort, SC, is
designing, manufacturing, and installing the $ 3-million project.

Normally, when Bdding cooling c:apebility toa~cable..aparallcl.r~pipe.~_..
. required. This pipe does not have a conductor within it and only is used to recirculate the oil. .-

Commonwealth Edison foresaw the need for eventual upgrading when it first installed the cable.
Accordingly, it installed a return pipe at the time oforiginal construction, even though it was not
needed for normal pipe-type operation. The resulting configuration permits the utility to upgrade
the cable by simply adding the necessary cooling equipment at both ends of the cable; no
modifications to the cable itself are needed.

::
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According to the utili!}', adding cooling capability is far less expensive than the alternatives.

MUcb'ofthe S8Yingcomes·rn;rifDofhaving domy~oitfi;cable Itself. Nevertheless,
analysis.indicalc$tbIliraced1l7oetiltg'WOU1dti3VE~PmMt' lC"6nonncal thm other options even .
iftberetDnipiiM:iRH~1ifMaI1ecl~~ '.'~'--:;-.-;":.";...-... -
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The system will employ two types ofcooling equipment: air-cooled heat exchangers at both
ends of the cable (figure) and refrigeration units at one end to cool the oil directly.

Cooling is not required all the time; equipment will function only when needed. On a cold day,
for example, no cooling may be required. On a 60F day, pumping the oil through the air coolers
might be sufficient to maintain proper oil temperature. On a very hot day - when the cable needs
to carry more power and the high ambient temperature makes air cooling less effective -- the
refrigeration units might be needed as well. Automatic controls tum cooling equipment on and
off, depending on the oil temperature.

According to the manufacturer, maintenance considerations for the cable will be basically the
same as they were before the conversion. The only new components are the coolers and the
pumps, which require minimal maintenance. "Indeed, the overall reliability of the cable probably
will be better because the cooling system helps ensure that the oil temperature will never get too
high," says Roy Fleckenstein, director of sales and engineering for Pirelli Jerome.

The necessary equipment currently is being installed. The normal summer rating will increase
from 220 to 325 MVA; the 10-day emergency rating will be boosted from 270 to 400 MVA. The
redesigned cable is expected to operate at its new capacity by this June.

GRAPHIC: Figure, Heat exchanger uses ambient air to cool the oil
LANGUAGE: ENGLISH
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Cut woodpole mmntenance costs, and reduce outages caused byfailed wood crossanns andpoles.
Development ofstructural components and hardware that have longer life than existing products, and
provide comparable strength and value, will enable utilities to rot replacement and maintenance costs and
reduce outages caused by failed wood poles. This research includes an evaluation and demonstration ofa
fiberglass, 115 kV, H-fi'ame structure, an evaluation ofcauses ofwood crossarm failures and suggestions
for improvement, and develop methods for extending the life ofexisting wood arms.
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Reduce wind load and lower costs ofline upgrades by improving the accuracy oflocal area wind
predictions.
Data from the new NEXRAD radar has the potential to enable utilities-especially those with service areas
subject to severe local storms-to reduce wind and ice load, and cut costs for system upgrades by
improving the accuracy oflocal area wind maps. Local wind maps provide the greatest potential for
reducing wind load. However, their accuracy is limited because they depend on data from scattered
ground stations. NEXRAD provides superior data, but measurements begin 1000 to 3000 feet above
ground level. This project will develop an algorithm to estimate conditions at 10 meters from the
NEXRAD data, and develop an interface that allows the data to be used to make local wind maps.
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Right-of-Way Vegetation Management
Product Manager: R. Michael McCafferty
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Reduce vegetation management costs 10-20%, and reduce tree-eaused line outages.
Locating dangerous trees and predicting their growth rate can help utilities reduce line outages and cut
vegetation management costs by 10-200A.. This project will develop methods for identifying existing and
potential danger trees, and provide species-specific guidelines for predicting growth rates, based on soil
and weather conditions. This infonnation will help cut vegetation management costs by determining the
degree and frequency oftrimming needs. A report suggesting methods to optimize the use ofvegetation
management funds will also be prepared.
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223. Commanic:atioDS Protective Requirements

A. Wben= Required
Wben= commuDicatioo IppUIbIS is bandIed by other thaD qualified pasoDS, it shall be protected by
one or more of1be means 1isted inRule 223B ifsuch apparatus is permaDeIltly COMected to Jines sub
ject to uy of 1be foUowing:
I. Lipminl
2. Contact with supply condueton whose voltqe to JI'OUnd exceeds 300 V
3. Tmnsient rise in JI'OUnd potential ac:eediDl300 V
4. Steady-awe iDduced voltqe of • hazardous level

NOTE: Wben communication cables wiU be iIllhe vicinity of supply lWionsw~ 1arJe pound CUITCJIU

may now. the e1fecl of these currents on commuuic:arion circuits Ibould be evaluaaed.

B. MeIDl ofProtection
Wbeft communicmon apparaIUS is required to be proc.ected under Rule mA, proteeIive meaDS ade
quate to withstDd the voltap apected to be impreued sball be povided by inIalaIiOD. protected
where DCCeISIIY by surae mescers used in c:oajunc:tion with fusible elements SeYe18 conditions may
requiIe the use ofadditional devices such U IUxilill)' arresters, draiDqe coils. neutralizing b'aIlsform
en, or isolating devices.

224. COlmll1mic:atiOD Circalts Located Wltbia the Sapply Space aad Supply Circuits
Located WithlD the CommUDlcatioD S,.ee

A. Communicmon Circuits 1.ocIled in the Supply Space
1. Communication circuits located in the supply IJ*e sball be illltalled IDd maiDtaiDed only by per

SODDe1 authorized and qualified to work iD the supply spICC in IICCOI'dance with the Ipplicable rules
of Sections 42 and 44.

2. Coaummicmon circuits located in the supply space shall meet the foUowing clearance require
meDts, U applicable:
a. lnJuJereet communicatioo cables supported by an effectively JI"OUDded messeJlICr shaD have

the same clearances U neutrals meeting Rule 230EI from communication circuits located in
the communication spICe and from supply condUC1DrS located in cbe supply space. See Rules
235 and 238.

b. Fiber-optic cables located in the supply IJ*e shall meet the requirementa ofRule 230F.
c. Open-wire communication circuits permitted by other rules to be in the supply spICC sball

have the same clearances from communication circuits IocaIed in the communication IJ*e
aDd from ocher circuits located in the supply IJ*e U required by Rule 235 for open supply
c:onductms of 0-750 V.
EXCEPTION: Service drops meetiDI Rule 224A3allld 224A3b may orip.re ill the aupply lpee on a
line ItnICIIlre CI' in the lpan and terminIIe in the communiCllion spICe an the aerwd ItrUCIDre.

3. Communic:abon cilcuits located in the supply space iD one portion of the I)'IteID may be locat.ed
in thecommunication space in anocberportion of the system if1be following requirements U'e met:
L Wberc the communication circuit is Many point located above an enerPzed mpply conductor

or cable. the communication circuit Iba1l be protceIIld by fuIeleu surp m.ters, draiDqe
coils, orother suitable devices to JRftIlt the communication circuit vol. from normally ex
ceeding400 V 10 ground.
NOTE: Tbc .... of CODIDUCtillll for ,a N IIni'.:ltioD c:oaduc:Ian witb ilMneclle¥ela apply.

b. Wbcre the CClIIIIDUIlicaton circuit is always 1oc:aIIld below the supply CODductors, the commu
DicaaOft proteeIian aMlI meet the requinmeata ofRule m.

c. The ausilion(l) between the supply ....aDd the COIIUIlunicaUCID space sball occur OD • sin
ale struetUI'C; no ausition shall occur betwea IiDe 1D'UCIIIreI.

EXamON: SC'Yice drops meeliqlbde 22AA3a _ RU 22AA3b may ori.... in the aupply IpIce

on aline IlIUCIUIe or in the span IIId temd_ in die COIDftIlmic:qan IpICI on the IaWiClICl1lC:bR.
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Cmdlldllnad c:abIIs
....u,atapper...

SappIy caItIeI Opea IDppIy ClIIIdacton
Coaducton ad caItI8 ......... RaIe 2JOC1. Oftr L7 to 50 tV
UIUaIIy at lower .... 2, or 3: DeatnI

COIIdIIcton IIIIItiDI
Kale 230£1,

tMiApD.........
c:abItI .....R. Oto Dlll'ereat

224A2a L7kV Saae aIIUt7' atIIWes'
(III) (Ia) (Ia) (Ia)

1. Comnwnication coaducIan IDd cablea
a. LocaIed in the commuaic:ation If*C 401.6 40 40 40 plus 0.4 per ltV 7

ovcrB.7kV

b. Located in the supply IJIICC 16 10. " 162." 40"
40 plu 0.4 per ltV 7

ovcrB.7ltV

2. Supply conducUJn IDd cales
16 10 16

'
16 plu 0.4 per leV 7a. Opan cwwblCJ!Xl 0 to 750 V; IUpply 40 plus 0.4 per leV 7

cMIea meetiDI Rule 23OC1, 2, or 3; overB.7leV oY«8.7leV
neunJ c:cnducIIn I1IellIiD& Rule 23ml

b. Openconductanover75OVtoB.7kV 16 3 16-p1us 0.4 per ItV~' 7 40 plus 0.4 per leV 7

ovcrl.7ltV oY«B.7ItV

c. Open condUCUln over 1.7 to 22 ltV .'
(1) If warted OIIllive with Jj~liDe 16 plus 0.4 per leV 7 40 plus 0.4 per ltV 7

tools IDd Idjaccftt circuits are ovcrB.7kV over B.7kV
neither~ DOl' covered
with shic1ds or protee:rDn

(2) IfDOt WOIbd OIIUve except when
IdjlcaJt circuits (ciIbcr Ibove or

16 plus 0.4 per ltV.' 7below)~ de-ewaizador c:ovaaI 16 plus 0.4 per ltV 4, 7

bysbieJdlorplC*'Cbs,CJl"bythe IIIlI ow:rI.7ltV ovcrl.7kV
ofU_tiDe IDOls DOt ftllIUiriIII tiDe
worbn to ao betweeD liw wills

d. Open coaductors exceediDl 22 ltV, but ... - '. 16 plus 0.4 per ltV 4, 7 16 plus 0.4 per ltV.' 7

nor exceedin, SO ltV . ~., - owrB.7kV ovcrl.7ltV

I Where supply circuits of600 V or las, with tl'ulIJdued power
of SOOO W or less, are NIl below communicatioa c:ircuitI ill ICCQI'

dance with Rule 22OB2, the clearlDce may be reduced to 16 in.
2 'Ibia IhI1l be iDcreaIed to 40 ill wheD 1be camnnmicMicJn con

ducron -e c:mied Ibove supply COftdacIan__1bec:ornmunia-
tion-line-coftduclDr size is tbat required for Gnde C mpply 1i1lCll.

3 Where coadueton are operued by dilfen:at utilities•• venicaJ
clearance of nor less than 40 ia it~

.. These valuea do DOt Ipply to CODducton ofdie SlIDe circuit or
circuits bein, carried on IdjlCellt coaduc1or 1UppCII'II.

S May be reduced to 16 in where c:ondw:ton are not warbd on
alive except when adjacent circ:uias (either Iboveor below) are de
energized or covered by shields or ptcDClDiS, or by 1be use ofliw
line tools DOt requirin.IiDe warUn to 10 bel-.a live witeI.

6 May be reduc:ed to 30 in for IUppIy Deutnb medin, Rule

230BI IIICI cablea meedn& Rule 230CI where the supply DeUtra1
or_au is boaded to the communic.tion meueapr.

1111e pater of pbuor cSiff«nnceor pbMe-to-p'CIUnd willie;
aeeRuJeWA3.

• Eumple: Far a SO kV-tDopIUDd conductor above a 22 ltV-to
JftIGDd CODCIucUIr. the required clearance is 16 in f"] 25 in
l.~4J in nea the CODductan -e lao- out ofpbasc.

Eumple: Fara SO ltV-to-pDUDd conducIDr above a22 kV-to
JI'OlIIId c:oadue:tor, the required clearance is 40 in l+l 2S in
I-16S ill when the COIIductDn are 1ao- out of pbasc.

oNo cleance is specified between aeutral coadJlCtOrS meeting
Rule 23CEI aad iDIuIIIed MOUD'micarion cables IocIIIld ill tbe 1Up
ply.-aad IUIIPClued by • effectively pOUIIded IDelleDF.

I II Noclearance islpOCified betweeD fiber-opdc-lupply cmlea
INIIlIiq Rule 23OP1 b and eupply cableI and COIIducU:ln.
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1. Cables that are supported on or cabled together with an effectively JIOUndcd bare messenger or
neutral. or with multiple concentric neutral conductors, wbere any usociatccl neutral conductor(s)
meet(s) the requirements of Rule 230Eland where the cables also meet one of the following:

a. Cables of aDy vol. uviDI • effectively JrOuDded continuous metal sheath or shield. or
b. Clblca desiped to operate on a multi-pounded sySlCm at 22 kV or less and having semicon

ducting insulation shielding in combination with suitable metallic drainage.
2. Cables of.y voltage, not included in Rule 23OCI, covered with a continuous auxiliary semicon

ducting shield in combination with suitable metallic drainage and supported on and cabled togeth
er with. effectively grounded bare messenger.

3. Insulalcd, nonshielded cable operated at not over 5 IcV phase to phase, or 2.91cV phase to ground.
supported on and cabled together with an effectively grounded bare messenger.

D. Covered Conductors
Covered conductOrS sball be considered bare conductors for all clearance requirements except that
spacing between conductors of the same or different circuits, including grounded conductors, may be
reduced below the requirements for open conductors when the conductors are oWDed, operated. or
maillllined by the same pany and when the conductor covering provides sufficient dielectric strength
to limit the likelihood of a short circuit in case of momentary contact bctwCCD conductors or betwCCD
conductors·and the grounded conductor. Intermediate spacers may be used to maintain conductor
spaciag and to provide support.

E. Neutral Conductors
I. Neuhl conductors that are effectively grounded throUJbout their ICDJlb and associated with cir

cuits of 0 to 22IcV to ground may have the same clearances as guys and messenprs.
2. AU other neutral conductors of supply circuits shall have the same clcuances as the phase con

ductors of the circuit wirh which they are associated.

F. Fiber-Optic Cable
1. Fiber-optic-supply cable

a. Cable defined as "fiber-optic-supply" supported on a MCSICIlJer that is effectively grounded
throuJhout its length shall have the same clearance from communications facilities as required
for a neutral conduetof meeting Rule 230£1.

b. Cable dcfiDed as "fiber-optic-supply" that is entirely dielectric, or supported on a messenger
that is entirely dielectric, shall have the SImC clearance from communications facilities as reo
quired for. neutral conductor meeting Rule 230EI.

c. Fiber-optic-supply cables supported on or wirhin messengClS not meetina Rule 230Fla or
230Flb shall have the same clearances from communications facilities required for such mes
sengers.

d. Fiber--optic-supply cables supponcd OD or within a conduetor(s), or contaiDiDJ a conduc
tor(s) or cable sheathes) within the fiber-optic cable assembly shall have the same clearances
from communications facilities required for such conductors. Such clearuc:e shall be not leas
than that required under Rule 230Fla, 23OFlb, or 230Flc. as applicable.

e. Fiber-optic-supply cables meetiDg Rule 224A3 are considered to be communication cables
wben located in the communication space.

2. Fibcr--optic-eommunication cable
Cable defined IS ''fiber-optic-<OllUllunic:atioo'' shall have the same clearance from supply facil
ities IS required for • communication messenger.

G. Alternating- and Direct-Curmlt Circuits
The rules of this section are applicable to both IC and de circuits. For de circuits, the clearance require
ments shall be the same as those· for IC circuits having the same crest vol. to pound.
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ft
T....m.l ,

Vertlal a.n..alWlnl, c.d.........CaIlIII A....G.....a..Iw'aJ, ltdor Water~
(Voltqes Ire phue to p'OUIId far effecUWlIy IftiiiiIded c:in:uitI-S1bolc ofber c:ircuitI wbc:rc all puIIIIIi faullS lie cleln:d by promptly
de-eDelJiziDa the faulted sectioD, bolla iDitiIIly IIId foIIowiq .......aeat ......opcnriCIIII. See die definitions section for vohaps 0(

--IJIIIIIDL See Ru1e1232BI. 232CI.. ud 23204.).. ' c , ...., TroIIq IIDd eIecD'UIed

""
, '. cUlMcnw raIInM caataet............. 7.V CIlIIdvcton lIIIlI

cUle;r F pn; -=- .......•.....or........... _.1IFItr wins
-.;....... 2HCJ..

1If7I- 230C3; OpeDllfPPly...........,. ~.... ......., ....dDn,

~!fJ~ llII .h.... caM.ee.... onr 750 V
.,..,.....-.; Oto750V; tDZZkV;............ == ......... ................. ..,. ..,.== ~-:-

..... to -; 010 Onr 750 V
N...... ollUl'face ...._;y 750 V to22kV
lllldenaeatil .m.. 1bIIe23OC1 23OC3 tD750V· 22kV top-.! to If"lIIIFId

ClIIHIadon, or caItIII (ft) (ft) (ft) (ft) (It) (ft)

WMn.....~..ciIIIeI~.....o.a.....
I. TJ'ICk rails of l'IilraD ,,' .'

(exc:cpt cIecIrificd ,. -
~~~ -

23.5 24'~8
" ,,:U.s 26.5 22.a" 22.at

2. RoIda. ....... ud adler
~t,· -

rreus~10 Inlet
.. :'.!" ..

U'aftic 15.5 ' ' 16J1 16.5 " 18.5 18.0' 20.0'..
3. Driveways• .,.tiDaIOll.

15.57• 13 16.lf.'U i~1 18.0' 20.0'udalleys 18.5

4. Other 1IDd travenod by
YCbicJes. such u
cultivated. puial. 25

.. " .t' '~

fon:sr, orcb8rda, •. 1'.5
, i6:0 16.5 18.5 - -

5. SplCClllld waYISUbject
1O~ornllric:ted

9.5 12.08 12.5' 14.5 16.0 11.0U'aftic OIlly ..-
6. Wa. area IlOt suitable ...

,.,

for sailboatin. or wbcre "
~ ". .. '-". r ~ .

sailboCD . - . . ~ ".::..:'~ -_ ~l ~_...... ',

probibircd~~1 ' -
14.0 J4.5 15.0 17.0 - -

7. WItCr IIUS IlIitable for
sailboatin. iIIcIucIiD.
laba. ponds. racrvoin.
tidal wateni. riven.
SlIUIDI. and c:uaII with
ID ~e:yrtaurflCe.,.of .1

L Leu 11w120 acres J7.5 11.0 18.5 20.5 - -
b. Over 20 to 200 IICI"eI 25.5 26.0 26.5 28.5 - -
c. Over 200 to 2000 acrea 31.5 32.0 32.S 34.5 - -
d. OYer 2000 acres 37.5 31.0 31.5 <10.5 - -
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n
Table 232-1 (Collliluu1l)

Venial CIeanace ofWbw, Coaducton, ... Cablll Abo..GiOUd, RoUwayt RaIl or Wa. Sarfac:es25
(VollapS are phue to pound for effecIi¥dy pouadcd circuits and diose other circuits when aU ,muad faults are cJeared by promptly
de-energizin, the flUlted section, both initially ad followiq subsequent bJaker operIIiODL See the dcfiDitions section for YollagCS of

other syItCInS. See Rules 23iB1. 232C1a. and 23204.)

"wi..... SappIJ TroDer ... eIec:trIIIed
....._ ....doa cables0,. raIlraad CIOJItaC:t
~naacl ,JOV COIIdIIcton aacl

cable; _pn; -:=- UIOCi8ted IJIUI or
IlIIrp-pI'OteetioD ....-eaaerwu.
.u.; p-ouaded 230C2Dr'

lU7laacl 231C3; OpID-PFI1
UDIf'lIIUIded ...,.. NODiDIuIated OpID ....pty CllIDdDetors,

~lf.?5'" com....-"_ c:aadUdon, ~'JOV
coadIIctani Oto 750 Vi toZ2kVi

aeatnl caaducton sap""'" IIIIIf'GUded ILlIIf'CIIUIded
....Rale of 0 to 1SOV J'I1I pya
U.l;npply ~.... ::r-::'~

a:pllIlId to Oto Onr 150 V
Nature 01aurr.e cabIeI ..... or 150Vtt 'SO V to22.kV
.........tbwira, Rale23OC1 13OC3 to 750 Vl<1 22kV topaaad topocaul

«:aIIdacton, or cabIeI (ft) (ft) (ft) (ft) (ft) (ft)

8. Public: 01' private land aDd
WItI:r areas posted for
riQiD' or llIIIIChiq ClllVlDCC above JIOllnd IhIJl be .5 Itpealer tbua in 7 abcwc.
sailboals for tbe type of WIler area served by !he launcbiq Ii..

Where wires. ccmductors. or cab.. IUD akmJ IQd wi1hin die limits of biJbways
or odIcr fOld riBbts-of-way but do DOC owrbu, the roldway

9. RoIds. SInletS. or alleys 1.5.5u • l4 16.013 16.5 18..5 18.0' 20.D3

10. ROIds in nnI dimie:tl
wbcre it is unlikely that
vehicles will be crauiftJ

13.SI0• 12 14.010 14..510 11.0' 20.05under the tine 16..5

I Where subways. tunnels. or bridpa require it, less cleannc:e
above IJ'OWId or rails rt..n required by Table 232·1 may be used
locally. The IrOlJey and eJec:trified raiJroId conlld conduclor
should be JI1lded very pMually fnlm Ibe reJUlar COIISUUCtiOD

down to tbe reduced elevation.
~ For wires, conductors, or cabl. croaiD, over mine. 101

ging. and similar railways that haadJe only em lower than stan
dan! freight em. the cl..-.nce may be J'Bduced by an amount
equal to the diIference in heiBbt between rhe hiat-t 10Ided c=-r
handJed and 20 ft. but the clearance sbaU not be reduced below
that required for street crossinp.

3 This fOOlllOtC not \lied in this edition.
"In communities where 21 ft ba been CS1abUshed. this clur

ance may be ConUDUed if carefully maintained. 'Ibe elevation of
the contaet conductor should be tbe same in tbe e:rouiDI and
next Idjccnt spans. (See Rule mm for CODditioas that mUit
be met where uniform beiabt Ibove rail is impractical.)

S In communities where 16 ft his beeII eItabIished for IrOUey
and elecaitled raiJroICI COIUICt CODCIUCUIn 0 co 730 V co 1I'OIIIId,
or 18 ft for trolley Uld electrified railrold COIIUCt coaduetan ex
ceeding 7.50 V, or where local conditioaa mate it impractical to
obta in the clearmc:e ,iYeJI in tbe table. tbeIe reduced cluranca
may be used if carefully maintained.

6 This footnOte DOt used ill this edition.

7 Where the beipt of • buildina or otber iDlllllalioa docs DOt
permit service drvps to meec dICIe values, lbe clearaaca OWir res
idelltiaJ driveways only may be reduced to the foUowiftJ:

(feet)
(a) Insu1lted supply service dropslimillld to

300 V to pound 12.5
(b) InmJ.Ied drip loops of1\IJlPly ICI'Vice drops

limited to 300 V to pouad 10.5
(c) Supply service dropslimillld to 150 V to JI'OUIld

and meeting Rules DOCI or 23OC3 12.0
(d) Drip loops only of service drops limited to 150V

to p'OUnd IQd meetina Rul. 23OC1 or 13OC3 10.0
(e) Insulated commUDicaDoa service dropI 11..5

• Wbcre the heiabt of a buiJdin, or ocbcr iDmJlItioD does GOt
permit service drops to meet these vaJua, diec:Ieareces may be re
duced to tbc followilll: (feet)

(a) IuuJarcd auppl)' aerricc dropIlimited to
300 V to JIOUIId 10..5

(b) 1n.su1ated drip loops of supply scnice drops
limited to 300 V to JIOUIId 10..5

(c) Supply ICI"Yice drops limited to 150V CO

JI'O'Ind IJld meetiDlIluJeI23OC1 CII' 23OC3 10.0


